In this paper, we consider the Cauchy problem for a system of elastic solids with voids. First, we show that a linear porous dissipation leads to decay rates of regularity-loss type of the solution. We show some decay estimates for initial data in H s (R) ∩ L 1 (R). Furthermore, we prove that by restricting the initial data to be in H s (R) ∩ L 1,γ (R) and γ ∈ [0, 1], we can derive faster decay estimates of the solution. Second, we prove that by adding a viscoelstic damping term, then we gain some regularity of the solution and obtain the optimal decay rate.
Introduction
The one-dimensional porous-elastic model has the form ρu tt = µu xx + bϕ x ρκϕ tt = αϕ xx − bu x − τ ϕ t − aϕ (1.1) where u is the longitudinal displacement, ϕ is the volume fraction, ρ > 0 is the mass density and µ, a, b, δ, τ are the constitutive constants which are positive and satisfy
The case τ = 0 and with viscoelastic damping term of the form γu txx acting on the right-hand side of the first equation has been investigated in [1] . The authors proved that the decay rate of the solution is polynomial and cannot be exponential. In [2] the authors analyzed system (1.1) in a bounded domain with initial conditions and mixed boundary conditions and showed that the damping in the porous equation (−τ ϕ t ) is not strong enough to obtain an exponential decay. Only the slow decay has been proved. Subsequently, many contributions have been made where the decay of solutions to the problems in elasticity with voids have been treated. In this paper, we consider the Cauchy problem associated to (1.1). By writing our system as a first-order system, applying the energy method in the Fourier space and using some integral estimates, we show several decay results, including
where U (x, t) = (u x , u t , ϕ x , ϕ t , ϕ)(x, t), U 0 = U (x, 0) and C is a positive constant. It is obvious that from the estimate (1.3), we deduce that the decay rate (1 + t) −1/4 of the solution can be obtained only under the regularity U 0 ∈ H 2 (R). This means that the solution of our system is of regularity-loss type. In order to overcome the problem of the regularity loss, we introduced a viscoelstic dissipation term into * Applied Math Lab, University Badji Mokhtar-Annaba, P.O. Box 12, Annaba 23000, Algeria Email:djouamai@gmail.com, † Division of Mathematical and Computer Sciences and Engineering, King Abdullah University of Science and Technology (KAUST), Thuwal, KSA, E-mail: belkacem.saidhouari@kaust.edu.sa our system, then we are able to gain the regularity properties of the solution. Thus, we consider the following system ρu tt − µu xx − bϕ x − u txx = 0,
In this case the decay estimate reads as follows
(1.5)
Decay estimate
In this subsection, we give the L 2 decay estimates of the solution for the system (1.1) and (1.4) respectively.
Theorem 1.1 Let s be a nonnegative integer and assume
T of the system (1.1) satisfies the following decay estimates: 6) for k + l ≤ s. Here C and c are two positive constants.
Theorem 1.2 Let s be a nonnegative integer and let
. Assume that (1.2) holds. Then the solution U = (u x , u t , ϕ x , ϕ t , ϕ)
T of the system (1.4) satisfies the following decay estimates:
7)
for any t ≥ 0 and k ≤ s, where C and c are two positive constants independent of t and U 0 .
